To study the abortifacient potential and fetoplacental tropism of Bacillus licheniformis bacteria, eight cows in the sixth to eighth month of gestation were inoculated intravenously either once (n ϭ 4) or on four successive days (n ϭ 4) with B. licheniformis at doses ranging from 10 9 to 10 12 colony-forming units. Cows were euthanatized and necropsied prior to abortion (n ϭ 2), at the time of abortion (n ϭ 2), or at calving (n ϭ 4). Live-born calves (n ϭ 5) were euthanatized immediately after delivery and necropsied. B. licheniformis was reisolated from placentomes/endometrium in six of eight (75%) cows and from one fetus aborted 43 days after inoculation. Lesions associated with B. licheniformis were restricted to the pregnant uterus, with the exception of one cow, which developed pneumonia. Necrosis in the fetal compartment of the placenta were present in three of four (75%) cows of both inoculation groups. Lesions were mainly restricted to fetal membranes and especially to the fetal side of the placentomes. Necrosis and diffuse neutrophil infiltrations of both villi and intervillous areas occurred in the fetal part of the placenta, and the placentomal interface was distended by bacteria, neutrophils, erythrocytes, and debris. Within trophoblasts, bacteria were located both free in the cytoplasm and in cytoplasmatic vesicles. Inflammation was present in three of eight (38%) calves. Placental and fetal lesions were similar to those found in cases of spontaneous abortions associated with B. licheniformis. The abortifacient potential of B. licheniformis and the tropism for the bovine placenta is demonstrated here for the first time.
Bacteria belonging to the genus Bacillus have been associated with bovine, ovine, and porcine abortions worldwide. 3, 4, 6, [14] [15] [16] [17] [18] [19] 21, 24, 25, 31 In diagnostic surveys on abortion in cattle, abortions associated with Bacillus spp. have been reported with incidence of 1-10%, with the highest incidence reported from Europe. 3, 4, 6, 7, 12, 15 In some studies B. licheniformis has been reported in association with bovine abortion, 3, 4, 7, 13, 15, 21, 24 but in several surveys the species have not been stated.
The ability of Bacillus spp. to infect the bovine placenta, resulting in subsequent abortion, has been studied only for B. cereus. 31 Following intravenous inoculation of B. cereus bacteria at doses ranging from 10 5 to 10 6 , abortion occurred within 7-12 days in 7-month pregnant heifers, whereas inoculations of 10 3 bacteria were without any adverse effects. Similar studies have been performed in sheep using strains of B. cereus, 26, 31 B. subtilis, 26 B. megaterium, 26 and an unidentified Bacillus species. 27 Infection was only established in sheep inoculated with B. cereus or the unidentified species and resulted in abortion or neonatal mortality.
Experimental studies on the pathogenesis and pathology of abortion in cattle have previously been per-formed by intravenous inoculation of bacteria. 8, 22, 23, 29, 30 These studies have demonstrated that placental infection and abortion can be established following hematogenous spread of bacteria to the pregnant uterus. Despite the frequent association of B. licheniformis with abortion in cattle, it has never been demonstrated that the bacterium is a cause of placentitis and abortion. The present experimental study was undertaken to investigate the abortifacient potential of B. licheniformis bacteria in cattle.
Materials and Methods

Animals
Ten pregnant nonlactating crossbred Red Danish Dairy X American Brown Swiss cows were obtained from a closed cattle herd monitored by the Danish Veterinary Laboratory (DVL). The herd was free of infections with bovine viral diarrhea virus (BVDV), bovine herpesvirus type 1, Mycobacterium paratuberculosis, and Salmonella. The cows had been inseminated with semen from similar crossbred bulls. The ages of the cows ranged from 4 to 6 years, and the number of previous calvings ranged from one to five. None of the cows had aborted in previous pregnancies.
At least 2 weeks prior to and throughout the experiments, the cows were housed in single boxes at the DVL. The cows were fed concentrates, grain, and hay and had free access to water from the city water supply system. Natural day-night photoperiod was used. Room temperature and humidity were 16 Ϯ 4 C and 64% Ϯ 12% H 2 O, respectively. The cows were monitored clinically during the experiments.
Strain identification
B. licheniformis strain DVL 9315323, originally isolated from the placenta of a bovine abortion, was used for all inoculations. The identity of the strain was confirmed by both the LMG Culture Collection, University of Gent, Belgium (strain No. LMG 17336) 2 and the German Collection of Microorganisms and Cell Cultures, Braunschweig, Germany (strain No. DSM 96-597).
The similarity between the inoculation strain and B. licheniformis bacteria isolated from inoculated animals was proved by examination of bacterial DNA using pulsed-field gel electrophoresis. One band difference was used to discriminate between strains. To obtain whole cell bacterial DNA, each isolate was incubated at 37 C for 48 hours in tryptic soy broth (Difco Laboratories, Detroit, MI), supplemented with 10 g yeast extract per liter, while shaking. The absorbance of the suspension at 650 nm was adjusted to 0.5, and 5 ml were centrifuged at 1,833 ϫ g for 10 minutes. The cells were washed in 10 ml 50 mM ethylenediaminetetraacetic acid (EDTA), resuspended in 75 l 50 mM EDTA, and mixed with 450 l 1% low-melting-point agarose (Bio-Rad Laboratories, Hercules, CA). Agarose plugs of 250 l were made, and each plug was incubated in 3 ml lysis buffer (RNAse A [20 g/ml], lysozyme [4 mg/ml], 50 mM EDTA, and 0.05% N-lauryl-sarcosine) (Sigma Chemical Co., St. Louis, MO) for 4 hours at 37 C. Proteins were digested with 3 mg/ml proteinase K (Sigma Chemical Co.) in NDS (10 mM Tris-HCl, 1% sodium dodecyl sulfate, and 445 mM EDTA) and then incubated overnight at 50 C in NDS. Proteins were removed by washing in 2 ml Trizma Base-EDTA (10 : 1) containing 0.25 mg/ml of phenyl-methyl-sulfonyl-floride (Sigma Chemical Co.). XbaI (Amersham International, Amersham, UK) was used to digest DNA from all isolates, and electrophoresis was performed in a 1.1% agarose gel in a CHEF-chamber (Bio-Rad Laboratories) using an initial switch time of 2 seconds, a final switch time of 30 seconds, a total time of 24 hours, and a ramp factor linear.
Preparation of inoculum
The strain was stored at Ϫ80 C until used. The inoculum was prepared by seeding the bacterium onto 5% calf blood agar plates (Columbia blood agar base, Oxoid CM 331) and incubated for 24 hours at 37 C. Single colonies were transferred to blood agar plates and incubated for additional 20 hours. Each plate was washed with 5 ml 0.9% sterile NaCl solution. The washings were pooled and diluted with 0.9% sterile NaCl solution to the final volume of inoculation (Table 1). The inoculation doses (colony-forming units) were determined by counting appropriate dilutions using standard plate counting methods. The total inoculation doses and inoculation volumes are given in Table 1 .
Experimental design
The cows were inoculated into vena jugularis with a suspension of B. licheniformis bacteria either once or on four successive days during gestation months 6-8 (Table 1 ). Cow Nos. 5 and 10 served as controls and were given sterile 0.9% NaCl solution intravenously either one or four times. Cow Nos. 2 to 4 and 7 to 9 were euthanatized with an overdose of sodium pentobarbital shortly after abortion or calving, whereas the other cows were euthanatized prior to abortion or calving. Live-born calves were euthanatized immediately after birth.
Tissue selection and processing
At necropsy, maternal and fetal tissues, including brain, heart, lung, bronchial lymph node, liver, hepatic lymph node, gall bladder, kidneys, adrenal glands, spleen, musculus semitendinosus, forestomachs, abomasum, jejunum, ileum, cecum, colon, intestinal lymph node, mammary glands, uterus, and at least samples of 20 placentomes, were collected for histopathology and immunohistochemistry. Additionally, specimens of fetal conjunctiva, spinal cord, and tarsometatarsal joints were taken. Samples for histology were fixed in 10% buffered formalin, processed routinely, embedded in paraffin, and sectioned (5 m). Sections were routinely stained with hematoxylin and eosin (HE). Van Gieson's collagen fiber stain, Perl's iron stain, and phosphotungstic acid hematoxylin staining were used on selected sections. To identify B. licheniformis in situ, immunohistochemical techniques were applied to all tissues. For immunostaining, a peroxidase-antiperoxidase technique working with a polyclonal antibody raised in rabbits against B. licheniformis strain ATCC 14580 was used. Production and evaluation of the antibody for use in immunohistochemistry has been described elsewhere. 1, 2 
Microbiology
Postmortem bacteriologic examinations were performed on samples of maternal and fetal lung, heart, liver, spleen, kidneys, adrenal glands, and jejunum, fetal abomasal content, fetal tarsometatarsal joints, maternal endometrium, and multiple placentomes. If the placentomes had been separated, both caruncles and cotyledons were examined. Other tissues were examined when indicated by the presence of gross lesions.
The duration of the bacteremia was examined by culture of blood samples taken from the noninoculated jugular vein. Single samples (7 ml) were collected into sterile evacuated blood collecting tubes (VT-109SPAS, Terumo Europe N.V., Belgium) prior to and 5 min, 10 min, 60 min, 120 min, and 240 min after each inoculation and then twice weekly until euthanasia. The samples were treated and examined for the presence of B. licheniformis following incubation for 1, 7, and 14 days, as described previously. 9 Live-born calves of cow Nos. 1-3, 8, and 9 were also examined by blood culture.
Samples of fetal lung and spleen were examined for BVDV by cell culture technique. Fetal pleural effusions or precolostral blood samples were examined for anti-BVDV antibodies by an enzyme-linked immunosorbent assay technique. 4 These samples and maternal blood samples taken at the time of abortion or calving were also examined for anti-Neospora caninum antibodies by an indirect fluorescent antibody test. 4
Hematology
Blood samples for total leukocyte and differential counts were collected at the same times as samples for blood culture from cow Nos. 4-10. For cow Nos. 1-3, hematologic examination was performed prior to inoculation, 24 hours after inoculation, and then twice weekly. Live-born calves were examined immediately after delivery.
Electron microscopy
Samples for transmission electron microscopy (TEM) were taken from formalin-fixed placentomes in which immunostained bacteria had been found. For TEM, blocks (1.5 mm 3 ) of the fetal side of the placentomes were further fixed in 0.1 M phosphate buffer with 3% glutaraldehyde for 4 hours, rinsed in similar buffer, and postfixed in 1% OsO 4 in 0.1 M cacadylate buffer and embedded in epon (Merck 100) by standard methods. After polymerization at 60 C, 1-mthick sections were stained with 1% toluidine blue in 1% borax to select appropriate areas for ultrathin sectioning. The 50-nm-thick sections were cut with a diamond knife, mounted on copper grids, and stained with uranyl acetate and lead citrate prior to examination in a Phillips CM100 transmission electron microscope at 60 kV.
Results
Clinical signs
Three cows (Nos. 6, 8, 9) that received high doses of bacteria developed muscular fasciculations and salivation immediately after inoculation or within the first hour postinoculation (PI). These signs were accom-panied by a febrile response, which peaked at 40.1 and 41.4 C 4-5 hours PI (cow Nos. 8 and 9, respectively). Clinical signs had disappeared 9 hours PI. During the remaining periods febrile episodes did not reoccur, all cows remained on feed, and no obvious signs of depression were noted.
Cow No. 7 aborted an autolyzed fetus on PI day 2, and cow No. 9 delivered a living fetus on PI day 43 (50 days prior to estimated calving date). Cow No. 8 gave birth to a weak calf on PI day 24 (12 days prior to estimated calving date). Cow Nos. 2-4 delivered clinically normal calves at term. All cows except No. 7 showed normal signs of labor.
Bacterial cultures of blood
Bacillus licheniformis strain DVL 9315323 was detected in 13 of 40 blood samples taken 5 or 10 min PI, after which time the number of positive samples decreased ( Table 2 ). Bacteremia lasting for Ն60 min was observed in cow Nos. 3, 6, and 9. Cows given Յ10 10 colony-forming units mostly had a bacteremia of short duration ( Table 2 ). The duration of the bacteremia was not influenced by the number of inoculations. Additional positive blood cultures were found at PI days 2 and 6 for cow No. 8. All isolations of B. licheniformis were made on blood cultures incubated for 1 day. B. licheniformis was not isolated from blood samples of any calves.
Hematology
Leukocyte counts were within normal range 10 prior to inoculation. Within 5 minutes PI, the number of leu- kocytes decreased to 5,490 Ϯ 1,767 cells/l. In inoculated cows, the leukocyte counts temporarily increased (10 minutes PI) to 6,220 Ϯ 2,772 cells/l before the number gradually decreased to 2,452 Ϯ 1,214 cells/l within 4 hours PI. The changes occurred due to shifting in all leukocyte populations and finally resulted in lymphocytopenia (1,239 Ϯ 477 cells/l), monocytopenia (48 Ϯ 40 cells/l), and neutropenia (747 Ϯ 514 cells/ l). By contrast, the leukocyte counts returned to preinoculation levels in control cows after the initial drop. The leukocyte counts returned to normal range within 24 hours except for cow No. 8, which had transitory neutrophilia (5,800 cells/l) with increased neutrophil : lymphocyte ratio (2.4). For most cows, changes did not occur during the remaining periods. However, three cows (Nos. 2, 4, 10) that had additional infections (mastitis, pneumonia, and intestinal lymphadenitis) subsequently developed neutrophilia, with a right shift in cow Nos. 2 and 4.
Elevated leukocyte counts were only found in calves of cow Nos. 8 and 9 (Table 3) .
Bacterial culture of tissues and fluids B. licheniformis strain DVL 9315323 was reisolated in large numbers and in pure or nearly pure culture from the placentomes and endometrium of all inoculated cows except Nos. 3 and 4. The bacterium was also isolated from samples of lung, kidneys, and adrenal glands of cow No. 6 2 hours PI, whereas in cow No. 7 it was isolated from the lungs 2 days PI. B. licheniformis bacteria not identical to the inoculation strain were isolated from jejunal contents of cow Nos. 4 and 8. The inoculation strain was reisolated from samples of lungs, abomasal, and jejunal contents from the fetus delivered by cow No. 9.
Other bacterial findings included Actinomyces pyogenes from lung of cow No. 2 and from a mammary gland of cow No. 10, Fusobacterium necrophorum from a liver abscess of cow No. 6, and Nocardia spp. from an intestinal lymph node of cow No. 4.
Gross lesions
Necrosis involving both cotyledons and intercotyledonary areas was present in the fetal membranes of cow Nos. 2, 8, and 9. The central areas of many cotyledons were covered by coagulated blood, with the margins elevated, brownish, and dry. Other cotyledons showed extensive necrosis. The intercotyledonary areas showed similar uniform changes with adjacent hemorrhages. In cow No. 1, single minute grayish white foci were present in the fetal part of a few placentomes. Slight to moderate gelatinous edema was present in the fetal placenta of all cows that calved or aborted a living fetus.
Most placentomes in the pregnant cornua of cow No. 7 showed brownish areas surrounded by hemorrhage. The lesions were most prominent in caruncular areas facing the baseline of fetal villi and were stretching toward the caruncular stalk. In the fetal membranes, serohemorrhagic edema and a reddish discoloration of the amniotic and allantoic fluids were present.
Multiple circular, superficial endometrial necrotic areas were present in cow Nos. 4, 5, and 7-10. These necrotic areas, mostly present on the caruncular stalk, were 0.5 to several centimeters in diameter, brownish, dry, and centrally invaginated.
The calf delivered by cow No. 8 had a diffuse fibrinohemorrhagic epicarditis and turbid synovi with fibrin in multiple joints, and the calf of cow No. 9 had hydropericardium with 12 ml serohemorrhagic fluid.
Other lesions included pancreatic lithiasis (cow No. 9), chronic mucopurulent mastitis (cow Nos. 6, 10), focal necrotizing mesenteric lymphadenitis (cow No. 4), chronic purulent bronchopneumonia (cow No. 2), fibrotic reticuloperitonitis (cow Nos. 6, 5), and chronic apostematous hepatitis (cow No. 6).
Microscopic lesions
Uterus and placenta. Placental lesions were present in three of four cows of both inoculation groups (Nos. 1-3, 7-9). Lesions were similar in distribution and morphology despite the number of inoculations, except for cow No. 7. Lesions were present in placentomes of both uterine cornua and corpus. Within single placentomes, lesions were mainly restricted to the fetal side of the placentomes. In the luminal part of the fetomaternal interface, extensive accumulations of neutrophils, erythrocytes, necrotic cell debris, exfoliated trophoblast cells, and bacteria were present separating the base of the villi from the crypts (Fig. 1) . The trophoblasts were often partly separated from the basal lamina, and in areas of necrosis they were completely absent (Fig. 2) . Multiple chorion villi were necrotic with hyperemia and infiltration with mainly neutrophils of the adjacent fetal placental stroma. Comprehensive necrosis affecting both villi and the allantochorion between the origin of villi was often present. In cases of separation of placentomes the cotyledons were often covered by blood. Edema, hyperemia, and diffuse infiltrations with neutrophils were present in the allantochorion, and occasionally foci with massive infiltration by neutrophils were seen (Fig. 3) . Bacteria or immunostained bacterial antigens were not observed within the stroma. Neutrophil infiltrations of cotyledonary arteries and arterioles involving all parts of the wall and occasionally causing thrombosis with partly or complete occlusion were commonly found ( Fig. 4) .
Inflammation and immunostained bacteria (ISB) were present at the cotyledonary margin and the adjacent intercotyledonary areas. Lesions of these areas were morphologically similar to the cotyledonary changes.
Multiple cellular infiltrations in the subepithelial connective tissue with disruption of epithelial lining was often present in the internal surface of the allantochorion and allantoamnion (Fig. 5) . The lesions protruded into the lumen, often attached by ISB.
Immunostaining with the anti-B. licheniformis antibody revealed numerous bacteria in the placentomal interface at the base of fetal villi. Bacteria occurring both as single cells and in aggregates were located both free and intracellular in neutrophils and trophoblast cells (Figs. 6, 7) .
Caruncular lesions were minimal and restricted to superficial caruncular areas facing the base of fetal villi. Occasionally the epithelium showed discontinuation with migration of few neutrophils into the luminal part of the placentomal interface and minor infiltrates with lymphocytes in the subepithelial stroma. Inflammation or ISB were not found in the deeper parts of the caruncles.
Endometrial lesions occurred in all cows. The lesions mostly occurred in the caruncular stalk and were similar in distribution and severity in all cows. The lesions consisted of superficial necrosis affecting the epithelium and the subepithelial stroma. Initial lesions showed subepithelial accumulation and transepithelial migration of neutrophils and detachment of the epithelium. More advanced lesions were covered by neutrophils, necrotic cell debris, and, in inoculated cows, by a few ISB. The underlying connective tissue was infiltrated with neutrophils, lymphocytes, and macrophages. In cow Nos. 8 and 10, the lesions also contained calcified foci and multinucleated giant cells. Immunoreactivity was not found within endometrial lesions. Neutrophils and occasionally ISB were found in the lumen of uterine glands in inoculated cows.
Lesions in cow No. 7 were dominated by extensive thrombosis and vasculitis of caruncular arteria with comprehensive placentomal necrosis. Affected areas were enclosed by caruncular septa and a distinct zone of intensive hyperemia and hemorrhage. Villi in these areas showed acute necrosis of stroma and exfoliation and condensation of trophoblast cells. Large numbers of neutrophils and ISB were located at the base of fetal villi separating the cotyledon from the caruncle. Mulitple ISB were located in neutrophils and trophoblast cells. Neutrophilic infiltrations and exudation were mainly restricted to the caruncles, with only minute foci of neutrophil infiltration in the cotyledons.
Fetal tissues. Lesions were present in calves or aborted fetuses delivered by cow Nos. 2, 8, and 9. Lesions were most prominent in the fetus of cow No. 8, which had a diffuse fibrinohemorrhagic epicarditis (Fig. 8) . The superficial part of the epicardium had edema, hyperemia, vascular proliferation, and infiltration with neutrophils and macrophages and was covered by a layer of fibrin up to 600 m thick containing neutrophils, macrophages, erythrocytes, and a few ISB. In the lung, minor groups of neutrophils, small amounts of fibrin, and single immunostained bacterial cell were present in bronchioles and alveoli. Hepatic lesions were characterized by multiple acute pinpoint necrotic areas with neutrophilic infiltrations but without immunoreactivity for bacterial antigens. In the joints, the synovial membranes were edematous and infiltrated with neutrophils and a few macrophages. The surface was covered by fibrin, neutrophils, and a few ISB. The epithelium of the conjunctivae was infiltrated with neutrophils and single immunostained bacterial cells were located on the epithelial surface. Few ISB, erythrocytes, and neutrophils were found on the epithelial surface of the forestomachs and the abomasum. Similar pulmonary and intestinal findings were recorded in the calves delivered by cow Nos. 2 and 9. In addition, the calf from cow No. 9 had lowgrade suppurative enteritis and typhlocolitis, with IBS and neutrophils located in the intestinal contents.
Maternal tissues. Lesions that could be attributed to the inoculations were only present in cow No. 6 (euthanatized 2 hours PI). Lesions were restricted to the lungs, in which acute disseminated thrombosis with large numbers of ISB and neutrophil infiltrations were found.
Ultrastructural findings
Areas of the fetal placenta with low-grade lesions making electron microscopic examination reasonable were only obtained from cow No. 3. The bacteria were found at the same placental locations as seen by light microscopy. Multiple bacteria were demonstrated in trophoblastic epithelial cells both within cytoplasmatic vesicles and free in the cytoplasm (Fig. 9 ). In the luminal part of the fetomaternal interface, the bacteria had electron-dense cytoplasm and a prominent glycocalyx-like structure at the surface (Fig. 10) , whereas in the intracellular location the glycocalyx-like structure and the electron-dense material diminished toward only profiles of the bacterial cell wall (Fig. 11 ).
Discussion
The present study demonstrates that Bacillus licheniformis strain DVL 9315323 has a tropism for the bovine placentome after intravenous challenge. Following colonization, inflammation in the base of fetal villi and in the allantochorion between the origin of villi developed, but lesions in the maternal part of the placentomes were sparse. Cellular reactions were primarily of fetal origin reflected by congenital leukocytosis and in contrast to the normal maternal leukogram at the time of abortion or calving. In some cows, transplacental infection developed through a spread of bacteria to the amniotic and allantoitic fluids. Through aspiration and swallowing of amniotic fluid, the infection became established in the fetal lungs and intestinal tract, resulting in bronchopneumonia and enteritis. As a consequence, the fetuses were aborted or delivered prematurely. However, in some cases the infection re-mained localized to the placenta, resulting in delivery of apparently normal calves at term. It is possible that an additional hematogenous spread occurred in some fetuses; one fetus had epicarditis and arthritis that may have been due to invasion of blood vessels in the allantochorion, as previously suggested in experimental Brucella abortus infections. 23 The bacteria probably penetrated from the maternal circulation to the luminal part of the fetomaternal interface through multiple minor hemorrhages normally occurring in the caruncles during late gestation. 32 These hemorrhages may be an important part of the pathogenesis in spontaneous infections. Cow No. 6 was euthanatized 2 hours after inoculation to evaluate possible spread of bacteria through such hemorrhages, but even though B. licheniformis strain DVL 9315323 was isolated from placentomes, the exact intraplacentomal localization could not be determined. However, findings in all other inoculated cows in which infection was established were consistent with the hypothesis because lesions and bacteria constantly were present in base of villi and the allantochorion between the origin of villi.
Except for cow No. 7, placentomal and fetal lesions were similar to those reported in spontaneous cases of bovine abortions associated with B. licheniformis 3, 21, 24 and experimental and spontaneous infections with B. cereus. 25, 30, 31 Because B. licheniformis bacteria were closely associated with lesions, as shown by immunohistochemistry, and the inoculated strain was reisolated, we conclude that B. licheniformis is able to infect the bovine placenta, leading to abortion or premature delivery.
The doses used in the present study were higher than the number of bacteria expected to be present in the blood under natural conditions. However, other studies have demonstrated that high numbers of bacteria are required to establish an infection in the bovine placenta under experimental conditions. 8, 22, 29, 31 Therefore, factors other than exposure to the bacteria must be present to produce abortion under nonexperimental conditions.
Focal endometrial necrosis was present in both inoculated cows and control cows. The presence of ISB adhering to the surface of some necrotic areas or present in the lumen of uterine glands was considered to be a result of contamination from the infected placenta. The etiology remains obscure, but because immunoreactivity was absent within lesions and the lesions occurred in all cows, they were not considered to be associated with the B. licheniformis infection.
This study demonstrated that B. licheniformis were removed from the peripheral blood within a few hours after inoculation. Of extrauterine maternal tissues, infection was only established in the lungs. Pulmonary lesions or intrapulmonary B. licheniformis were found only in cows euthanatized within 2 days after inoculation, indicating that the bacteria were eliminated quickly from the maternal extrauterine tissues. A similar pulmonary localization has been observed in mice following intravenous inoculation of B. licheniformis. 2 Moreover, the lack of persistent extrauterine infectious foci is in accordance with the normal white blood cell counts, normal temperature, and lack of recurring bacteremia. The findings are also consistent with the lack of reports regarding B. licheniformis infections in extrauterine tissues of animals. Only bovine mastitis 17 and enteric lesions 5 have been associated with this bacterium. However, it is most likely that B. licheniformis is only a secondary invader of surface lesions because it is common in the intestinal tract 11, 20 and is widespread in the environment. 28 
